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PAUL LEWIS1 AND MICHAEL STOYAK

OHIO UNIVERSITY

Pigeons' key pecks were reinforced with grain, then extinguished. An 8-second tone pre-
ceded the availability of peck-dependent grain 1 second after tone offset. When a tone
signalled grain and an 8-second clicking sound did not, three pigeons pecked during a
high percentage of tone periods, but they pecked during a low percentage of click periods.
When the roles of the tone and clicking sound were reversed, performance reversed. For
other birds, when a key peck during the tone cancelled the availability of grain (omission
procedure), the tendency to key peck during the tone decreased some, but still remained
high. A third group of pigeons received the omission procedure with the addition that
the tone could not end unless 2 seconds had elapsed without a key peck. The pigeons
continued to respond in a high percentage of tone periods. The experiments favor an
explanation based on the pairing of the tone with a reinforced response, such as Pavlovian
conditioning.
Key words: stimulus control, automaintenance, Pavlovian conditioning, key pecking,

pigeons

Lewis, Lewin, Muehleisen, and Stoyak (1974)
reported an incidental observation that is the
focus of this report. In that experiment, pi-
geons were trained on two procedures. One
was a standard variable-interval (VI) schedule;
the other was similar except that a 5-sec tone
preceded each opportunity to produce grain.
The purpose of the experiment was to de-
termine which of the two procedures would be
selected when either was available. The results
showed that subjects chose the signalled pro-
cedure.
The pattern of key pecking in the signalled

condition was unexpected. Each pigeon con-
sistently pecked during the tone preceding the
opportunity to produce grain, although key
pecks were never reinforced in the presence of
the tone.
The present study addressed three general

explanations of the tone's control. One expla-
nation involved pseudoconditioning; that is,
pigeons may tend to key peck during audi-
tory signals whether or not the signals are
related to grain availability. Experiment I
tested this pseudoconditioning explanation

:We thank Vincent Braddock for help in collecting the
data. This research was supported in part by Grant 553
from the Ohio University Research Committee. Re-
prints may be obtained from Paul Lewis, Depart-
ment of Psychology, Porter Hall, Ohio University,
Athens, Ohio 45701.

with the presentation of two stimuli, one
auditory signal paired with the opportunity
to receive grain (conditioned stimulus or
CS+) and a different auditory signal following
which no grain ever occurred (CS-). Then,
the stimuli serving as the CS+ and CS- were
switched.
The second explanation was that key peck-

ing during the tone may have resulted in more
rapid delivery of grain immediately after the
tone, since the pigeon was positioned in front
of the key at the tone's offset. This notion
could be called an accidental-reinforcement ac-
count, because pecking during the tone was
not required, but could have been accidentally
reinforced. Experiment II tested this acci-
dental-reinforcement hypothesis. A reinforce-
ment-omission procedure was used in which a
key peck during the CS cancelled the availabil-
ity of grain after CS offset. In this procedure,
key pecks during the CS explicitly prevented
grain.
A third explanation focused on the role of

the tone's offset. Key pecking during the tone
could have been occasionally reinforced by
offset of the tone, which was occasionally as-
sociated with grain. By this account, the offset
of the tone acted as a conditioned reinforcer
for key pecks during the tone. Experiment III
tested this conditioned-reinforcer hypothesis.
Again, an omission procedure was used, but
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this time a no-response criterion for CS termi-
nation eliminated any fortuitous contingency
between key pecks and CS offset.

In each of the present experiments, when
grain was available it was delayed for 1 sec
after CS offset. The purpose of this procedure
was to ensure a delay between pecks during the
CS and reinforcement and to minimize the re-
inforcer's direct strengthening effect on key
pecks during the CS.

EXPERIMENT I

METHOD

Subjects
Four experimentally naive White Carneaux

pigeons, obtained from Palmetto Pigeon Plant,
Sumter, South Carolina, were reduced to be-
tween 75% and 80% of their free-feeding
weights; fresh water and grit were available
at all times in the home cage.

Apparatus
A BRS-LVE pigeon test chamber measuring

45 cm long, 35 cm wide, and 36 cm high was
used. Two response keys 2 cm in diameter, re-
quiring approximately 0.10 N to depress, were
mounted one above the other in the center of
the front panel. The bottom key, which could
be illuminated red or white, was centered 20
cm from the chamber floor; the top key (used
in Experiment II), which could be illuminated
white, was centered 4.5 cm above the bottom
one. A peck on the bottom key produced a
click from a relay mounted behind the front
panel. Also mounted behind the front panel
were a Mallory Sonalert that produced a 2800-
Hz, 70-dB tone and a speaker that produced
a steady 7-Hz, 70-dB clicking sound (reference
20 /AN/m2, scale C); these stimuli served as
the CSs. The grain hopper was in the lower-
left corner of the front panel. General illumi-
nation was provided by two CM #313 lamps
mounted near the chamber ceiling. These
lamps were turned off when the grain hopper
was up, but were on at all other times. White
noise and a ventilating fan masked extraneous
sounds. Onset of the white noise signalled the
start of a session; offset signalled the end of a
session. Solid-state programming equipment
in a room adjacent to the chamber provided
experimental events.

Procedure
Subjects were tested daily in sessions that

lasted until 31 reinforcers, 4 sec access to grain,
were delivered. Each session was about an hour
long.
Key-peck training and extinction. The bot-

tom key was continuously illuminated red, and
the pigeons were trained to peck it by the
method of successive approximations. After
key pecking was established, each pigeon was
tested for two days on each of the following
schedules of reinforcement: continuous rein-
forcement (each peck was reinforced), VI 5-sec,
VI 15-sec, and VI 30-sec. All pigeons were
then given two extinction sessions, during
which key pecks had no scheduled effect.

Response-independent grain. Both the CS+
and CS- occurred at varying intervals ranging
from 9 sec to 330 sec, with a mean interval
length of 90 sec (variable time, or VT 90-sec);
CS+ and CS- were 8 sec. The CS- never
occurred within 8 sec before the CS+ or within
30 sec after a grain presentation. One second
after the CS+, grain was presented indepen-
dent of behavior. For Pigeons 1664, 3659, and
5704, the CS+ was the tone, and the CS- was
the clicking sound -throughout all sessions of
this procedure. For Pigeon 4117, which received
only this procedure, the CS+ was the tone,
and the CS- was the clicking sound for the
first series of sessions; the CS+ was the clicking
sound, and the CS- was the tone for the
second series of sessions.
Response-dependent grain. After five to six

sessions of response-independent grain, Pigeons
1664, 3659, and 5704 received response-de-
pendent grain. At first, the CS+ was the tone,
and the CS- was the clicking sound; later,
the CS+ was the clicking sound, and the CS-
was the tone. Grain did not occur automati-
cally 1 sec after CS+ offset; a single key peck
1 sec more after CS+ offset was required to
produce grain.

RESULTS
Sessions were divided into CS+, CS-, and

control periods. The CS+ and CS- periods
were 8 sec in duration, control periods were
9 sec. The first control period began at the
start of the session, and control periods con-
tinued to be recorded until the first CS. Fol-
lowing the CS and the grain presentation, if
one were scheduled, control periods were again
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recorded until the next CS. The dependent
variable was the percentages of CS+, CS-,
and control periods in which at least a single
key peck occurred (per cent periods with a
peck). Absolute response rates in each of the
three periods were also recorded.
For three of the four pigeons, the percentage

of periods with a peck fell quickly to zero in
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Fig. 1. Per cent periods with a peck when a CS+ pre-

ceded grain and a CS- did not. In the first series of
sessions, a tone was the CS+; in the second series, a

clicking sound was the CS+. Control periods were silent.
Pigeon 4117 (top panel) received response-independent
grain after the CS+; the other birds received response-
dependent grain after the CS+.

the response-independent grain procedure.
These data are not shown. The data for the
fourth pigeon, 4117, are in the top panel of
Figure 1. The data for Pigeons 1664, 3659,
and 5704 in the response-dependent grain pro-
cedure are also in Figure 1. Each pigeon even-
tually key pecked during a high percentage of
CS+s, whether the tone or the clicking sound
was the CS+; but they pecked during a low
percentage of CS- and control periods.

Figure 2 shows key pecks per minute during
the CS+, CS-, and control periods for the
same pigeons and for the same procedures as
Figure 1. The key-pecks-per-minute data show
the same effects as the per-cent-periods-with-a-
peck data: high rates of pecking in the CS+
and low rates in the CS- and control periods.
The rate data, however, show a wider range.

EXPERIMENT II
Experiment I demonstrated that pigeons

key peck during auditory stimuli that precede.
the availability of grain. If such pecking was
reinforced by rapid access to grain at the sig-
nal's offset, then an omission procedure should
eliminate it. In Experiment II, key pecking
during the signal omitted the availability of
grain at the signal's off-set in a procedure simi-
lar to that used by Williams and Williams
(1969). Williams and Williams lighted a re-
sponse key (the negative key) just before re-
sponse-independent grain, and found that pi-
geons that had been only magazine trained
pecked the key on a high percentage of key
illuminations, even though doing so prevented
grain delivery. They also found that instead of
pecking the negative key, pigeons pecked a
second "irrelevant key" when it was illumi-
nated at the same time as the negative key.
For part of Experiment II, the top key was il-
luminated to determine if pecks would be
directed toward it instead of toward the bot-
tom key, where pecks would cancel grain
availability.

METHOD
Subjects and Apparatus

Six experimentally naive White Carneaux
pigeons were obtained and maintained as in
Experiment I.
With two exceptions, the apparatus was

the same as in Experiment I. First, the clicking
sound was not used; the CS was the tone. Sec-
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ond, for part of the time, the top key was il-
luminated white, and a peck on it produced
a click from the relay mounted behind the
front panel.

Procedure
All pigeons were exposed to several different

procedures, presented to the birds in the fol-
lowing order.
Key-peck training and extinction. While the

top key was dark, all pigeons were trained to
peck the bottom key (continuously illuminated
red) by the method of successive approxima-
tions. After the key peck was acquired, the pi-
geons were given one session consisting of 50
grain presentations delivered on a continuous
reinforcement schedule. The next day, all key
pecks were ineffective (extinction).

Positive signal control. This procedure, be-
gun the day following extinction, was identical
to the response-dependent grain procedure of
Experiment I, except that no CS- was pre-

sented. A CS, the tone, was presented for 8 sec

on a VT 90-sec schedule. One second after CS
offset, a key peck produced 4 sec access to
grain. Experimental sessions lasted about an

hour and consisted of 35 CSs; all pigeons re-

ceived at least 15 sessions.
Negative signal control. The 8-sec CS was

presented 35 times per session on the VT 90-
sec schedule. A key peck during the CS can-

celled the availability of grain at CS offset.
Irrelevant key. Previous performances were

reestablished under the positive signal-control
procedure (10 to 14 sessions). The irrelevant-
key procedure was identical to the negative
signal-control procedure, except that the top
key was continuously illuminated white, and a

response on the top key produced a relay click
but no other consequences.

RESULTS
Figures 3 and 4 show per cent 8-sec CS and

control periods with a peck and response rate
during CS and control periods for Pigeons 3738
and 1993. These birds are representative of the
others. Similar per-cent-periods-with-a-peck
data for the other four pigeons are shown in
Tables 1 and 2.

In the positive signal-control procedure,
when administered for the first time, per cent
CSs with a peck reached a high and stable level
in two of four sessions. Per cent control periods
with a peck started high but then declined to
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Fig. 2. Same as Figure 1, except that key pecks per

minute is the dependent variable.

under 20%. The only exception was Pigeon
2076 (see Table 2); this bird pecked in fewer
CS periods and more control periods than the
others. When the positive procedure was rein-
stated following the negative signal-control
procedure, per cent CSs with a peck increased
to or surpassed previous levels.

I



SIGNAL-CONTROLLED RESPONDING

PIGEON 1993
POSITIVE SIGNAL

CONTROL
1001

801

601

401

20

0

If

I'~~~~~~~~~

U ~~~~~~~~~~ ~~I,, I

-' ~~~~~~~~~~~~~I

Irs,,
I~~~%~ I.'

I

II

I 5 10

NEGATIVE SIGNAL CONTROL
POSITIVE SIGNAL

CONTROL
IRRELEVANT

KEY
I I
I I

Cs I I
- -----CONTROLI I

I I

I I
I I
I I
I I
I I
I I

l

1, '
I \

% 1%,
I %I

% I . I % 1%~~~~~~~~~/ .,

%1 I I%%%%o#-,

15 20 25 30 35 40
PIGEON 3738 POSr
POSITIVESIGNALCONT. NEGATIVE SIGNALCONTROL C

, ~ ~ ~ I

.~~~ I \

, ~ ~ , |I

. , ~"'I , .. .
I 5 10 15 20 25 30

TIVE SIGNAL IRRELEVANT
0ONTROL KEY

AVr

I 4

I II
I I

%,. . .

35 40

SESSIONS
Fig. 3. Per cent periods with a peck when the CS preceded response-dependent grain. Control periods were si-
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irrelevant key are not shown (see text).

When the negative signal-control procedure
was introduced, in which a response during the
CS cancelled grain availability, per cent CSs
with a peck declined for all birds except Pi-
geon 2076. This decline varied from only a few
per cent, such as that for Pigeon 3738, to as

much as 40% for Pigeon 1993. However, none

of the pigeons stopped key pecking during the
CS. Except for Pigeon 4277 in Session 22, the
per cent CSs with a peck never fell below 40%.

In the irrelevant-key procedure, no pecks oc-

curred at the irrelevant white key. The con-

tingencies in the irrelevant-key procedure were

the same as in the negative signal-control pro-
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Fig. 4. Same as Figure 3, except that key pecks per minute is the dependent variable.

cedure, and the per-cent-periods-with-a-peck
data were similar to the data for the negative
procedure.

Response rates during CS and control peri-
ods paralleled the per cent periods with a peck.
In general, response rates during the CS in
the second presentation of each procedure
(positive and irrelevant-negative) tended to be

higher than in the first presentation of each
procedure. An exception was Pigeon 2076,
which responded at a low, steady rate during
the CS in all procedures.

EXPERIMENT III
To test the interpretation that CS offset

acts as a conditioned reinforcer, pigeons in
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Experiment III were exposed to a procedure
similar to the negative signal-control procedure
in Experiment II. The CS had a minimum
duration of 8 sec; a key peck during the last 2
sec of the CS extended the CS 2 sec, as did each
peck thereafter, such that the CS would not
end until 2 sec had elapsed without a key peck.

METHOD
Subjects and Apparatus

Five White Carneaux pigeons were obtained
and maintained as in Experiment I. Pigeon
5031 was experimentally naive. Pigeons 5584
and 6461 had previous experience with tones
that signalled 1-min periods during which
grain was available on a VI 10-sec schedule.
These birds had been exposed to both positive
and negative signal-control procedures in the
signalled-VI experiment. Pigeons 6688 and 491
also had experience with tones signalling 1-min
periods during which grain was delivered on

various VI schedules, ranging from VI 5-sec
to VI 90-sec. These birds had been exposed
only to the positive signal-control procedure
in the signalled-VI experiment.
Apparatus was the same as in Experiment

II; the top key was dark and disconnected.

Procedure
Pigeon 5031 was trained to peck the re-

sponse key, while white, by the method of suc-
cessive approximations. Following 100 reinforc-
ers delivered on a continuous reinforcement
schedule over two sessions, the experiment
began. The other four pigeons began the
experiment following signalled-VI procedures.

In this experiment, all five pigeons received
the same procedure, a modification of the
negative signal-control procedure of Experi-
ment II. The CS, a tone, was presented for 8
sec on a VT 90-sec schedule. If no key peck oc-
curred during the CS, response-dependent
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grain was available 1 sec after CS offset. A
key peck during the CS cancelled grain avail-
ability at CS offset. If the pigeon key pecked
during the last 2 sec of the CS, that key peck
extended the CS for 2 sec from the key peck, as
did each key peck thereafter. Hence, it was
possible for the CS to be extended for a long
time by continued pecking 2 sec before the CS
was scheduled to end. The CS would not end
until 2 sec had elapsed without a key peck.

Sessions lasted until 35 CSs had been pre-
sented (about 1 hr) and were usually conducted
seven days per week. Pigeons were tested a
minimum of 20 sessions.

RESULTS
Sessions were divided into 8-sec CS and con-

trol periods. Per cent CS and control periods
with a peck for all pigeons are shown in Fig-
ure 5. Each bird pecked during a higher per-
centage of CS periods than control periods.
Except for Pigeons 491 and 5584, per cent CS
periods with a peck remained above 60% and
often above 70%. Per cent control periods with
a peck was below 40% and often below 30%.

Figure 6 shows response rate during CS and
control periods for all pigeons. The response
rate was higher during the CSs than during
the control periods. Response rates during
the CS were relatively stable for all birds
except Pigeon 6688. This bird's rate decreased
sharply in the tenth session and remained
between 10 and 20 key pecks per minute.
Pigeon 5031 showed a gradual increase in re-
sponse rate over sessions.
Another index of responding during the CS

is CS duration. The minimum CS duration for
a session was about 4.5 min. Across the last
five sessions for Pigeons 5584, 6461, 6688, 491,
and 5031, the mean CS duration was 5.0 min,
5.0 min, 5.3 min, 5.2 min, and 5.0 min. These
figures represent average increases in CS dura-
tion of 30 sec or more per session due to key
pecking near the end of the CS.

GENERAL DISCUSSION
Pigeons showed a strong tendency to key

peck during an auditory stimulus preceding
response-dependent grain; we refer to this be-
havior as signal-controlled responding. Experi-
ment I showed that signal-controlled respond-
ing is not the result of pseudoconditioning,
since pigeons key pecked only during a signal
preceding grain and not during a signal that

did not precede grain. Experiment II argued
against an accidental-reinforcement interpreta-
tion, since key pecking during the CS occurred
despite the fact that it cancelled grain at CS
offset. Finally, Experiment III showed as in-
adequate a conditioned-reinforcement interpre-
tation, since pigeons responded to delay CS
offset.
The signal-controlled responding observed

in the present experiments resembles auto-
maintenance as reported by Brown and Jen-
kins (1968, Experiment IV) and Schwartz and
Williams (1972, Experiment I). Automainte-
nance refers to key pecking generated and
maintained using response-independent grain
following a keylight CS. In the typical auto-
maintenance experiment, a naive, magazine-
trained pigeon is placed in a testing chamber.
At various times throughout the session, the
normally dark response key is illuminated for
a few seconds, followed immediately by grain
delivery. Key pecks during the keylight CS
have no scheduled effect. In these experiments,
responding is generated and maintained at
high rates during the CS presentations. The
primary procedural differences between the
present and automaintenance procedures are
the use in the present experiments of (1) a re-
sponse-grain dependency, (2) preliminary key-
peck training, and (3) a diffuse auditory signal.
The primary behavioral difference is that the
signal here controlled no key pecking in three
of four birds without a response-grain de-
pendency (but, see below). In the automain-
tenance procedure, pigeons peck during the
signal with response-independent grain and
without prior key-peck training.
The exception, Pigeon 4117, which did peck

during the CS+ with response-independent
grain, could have received accidental pairings
of pecks with grain. Inspecting this pigeon's
data closely, we noted that this pigeon pecked
10 times in the combined 1-sec intervals after
the CS+s on the first day of testing, and no
other bird pecked more than three times. On
the second day of testing, Pigeon 4117 pecked
32 times in the combined 1-sec intervals fol-
lowing the CS+s, and the other pigeons emit-
ted no key pecks in the 1-sec intervals following
the CS+s. These data suggest that for even
this pigeon, an accidental response-grain con-
tingency may have led to the signal's control.
Auditory stimuli preceding grain generate

pecking even in the absence of a response-
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grain dependency (Farthing, 1971). But with-
out a response-grain dependency, pecking is
not directed toward the key even if a lighted
response key is present in the chamber (Bil-
brey and Winokur, 1973; Schwartz, 1973).
Since no pigeon pecked the irrelevant key in
Experiment II, the above finding was con-
firmed. Further, pecking is not consistently
directed at the source of the sound, but rather
toward the feeder, floor, wall, or in the air
(Farthing, 1971). This finding is consistent
with Staddon and Simmelhag's (1971). These
investigators delivered response-independent
grain at varying intervals and observed that,
just before grain delivery, all pigeons were
emitting pecking actiVity, but that the pecks
were not directed toward any particular aspect
of the chamber. Some pigeons were pecking
around the feeder, some at the wall, etc. It ap-
pears that the delivery of grain to pigeons
generates pecking activity, and if the grain is
preceded by a diffuse auditory signal, the
signal comes to control the pecking behavior.
But only if the grain is dependent on a key
peck does the nonlocalized signal come to con-
trol key-pecking behavior.
The present experiments clearly favor an

explanation based on the pairing of the signal
(CS) with the reinforced response. Hence, sig-
nal-controlled responding may be an instance
of Pavlovian conditioning. However, Pavlovian
conditioning generally involves an uncondi-
tioned stimulus which, at the beginning, elicits
the unconditioned response, such as food pow-
der elicits salivation. If Pavlovian conditioning

proves to be a satisfactory explanation of sig-
nal-controlled responding, then it is an in-
stance of Pavlovian conditioning in which the
unconditioned response is trained using oper-
ant reinforcement.
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